INTRODUCTION
============

In South Korea, the number of people interested in health has increased following recent advancements in medicine and improvements in economic status. In addition, research has shown that an individual\'s health status is more dependent upon one\'s health behavior than upon the health care system.[@B1] Health behavior is defined as one\'s voluntary actions carried out in order to prevent or discover a disease when one does not have any symptoms and includes healthy habits such as regular exercise and maintaining a balanced diet.[@B1] In a prospective study conducted in Alameda County by Belloc and Breslow[@B2] and Belloc,[@B3] seven healthy habits, including regular exercise, being a nonsmoker, moderate drinking or abstinence from drinking, getting adequate sleep, eating breakfast regularly, and limiting snacking were assessed to examine their association with the mortality rate among participants. According to the study, there was a negative correlation between these healthy habits and age-adjusted mortality, findings that are supported by many other studies.[@B4][@B5] In Korea, several domestic studies promoting health based on the healthy habits presented in the Alameda study have been conducted,[@B6] including studies such as the Korea National Health and Nutrition Examination Survey.

According to the 2005 National Health and Nutrition Examination Survey, approximately 30% of South Korean adults were taking dietary supplements. This indicates that South Korean adults recognize that taking dietary supplements is an important healthy habit. Given that dietary supplements are associated with both personal health and increases in societal health care costs, it is important to define the rate of dietary supplement intake. In addition, the cross-reaction of dietary supplements with prescription medicines can have both direct and indirect effects on medical treatments.[@B7] According to the Korean National Statistical Office, the rate of dietary supplement intake is expected to continue to increase;[@B8] however, large-scale studies with representative data in relation to healthy dietary supplement intake in a Korean population are rare.[@B9]

In this study, it was hypothesized that dietary supplement intake was associated with numerous healthy habits and that the dietary supplement user group would have a higher rate of practicing healthy habits than the group not taking supplements (nonuser group). This study also examined the hypothesis that the more an individual practiced healthy habits, the higher the rate of dietary supplement use would be. Hence, this study aimed to evaluate the association between dietary supplement use and healthy habits among the entire adult population in Korea using data from the fifth National Health and Nutrition Examination Survey.

METHODS
=======

1. Study Period and Participants
--------------------------------

The Korea National Health and Nutrition Examination Survey is a cohort survey[@B10] investigating the health behavior, chronic disease prevalence, and food and nutrition intake status of the Korean population. The survey receives institutional review board approval from the Korea Centers for Disease Control and Prevention.[@B11] Selected participants visit a mobile screening clinic to complete the general examination and health survey. All participants provided informed consent prior to completing the surveys. Nutritionists conduct nutrition surveys during household visits within 1 week following the visit to the screening clinic.[@B11] This study analyzed the data of participants \>19 years old who completed the fifth National Health and Nutrition Examination Survey conducted from January 2010 to December 2012. The target population for this analysis was the entire adult population of South Korea. Of the 25,534 eligible participants, 5,935 under the age of 19 years and 3,810 with missing data were eventually excluded from the analysis, leaving 15,789 participants (6,331 men and 9,458 women) in the final analytic sample.

2. Study Methods
----------------

Demographic characteristics, health behaviors, and disease history were investigated using the health questionnaire. Age was categorized into three groups: 19--40 years old, 40--65 years old, and \>65 years old. Those who had a spouse or were living with someone were classified as married, and all others were classified as unmarried. Education level was divided into four categories: less than 7 years (below elementary school graduation), more than 7 years but less than 12 years (beyond elementary school graduation but below high school graduation), more than 12 years but less than 16 years (beyond high school graduation), and more than 16 years (beyond college graduation). Monthly household income was classified into four quartiles based on the total population income (low, lower middle, higher middle, and high), and region of residence was classified as urban or nonurban. Subjective health status was divided into five categories using a Likert scale (very good, good, moderate, bad, and very bad). In accordance with World Health Organization recommendations, the high-risk drinking group included those with an average per session alcohol consumption of more than 61 g for men and more than 41 g for women; those who drank less than this were classified into the non-high-risk drinking group. Smoking was classified using three groups: those who had no smoking experience, past smokers, and current smokers. The presence of a lifestyle-associated chronic disease was indicated if the participant reported having been diagnosed with diabetes, hypertension, dyslipidemia, or osteoarthritis. Physical examinations and blood tests were performed by the survey team to assess obesity and metabolic syndrome. Using standardized instruments, the team obtained the height, weight, waist circumference, blood pressure, fasting blood glucose levels, fasting triglycerides levels, and fasting blood cholesterol concentrations of participants. The body mass index (BMI) was calculated by dividing the measured weight by the square of the height, and obesity was defined as having a BMI \>25 kg/m^2^.[@B12] Metabolic syndrome was indicated in participants who satisfied at least three of the following five criteria: (1) a waist circumference \>90 cm for men and \>80 cm for women; (2) fasting blood glucose ≥100 mg/dL or an increase in blood glucose even with medication; (3) fasting serum triglycerides ≥150 mg/dL or the use of cholesterol lowering medication; (4) serum high density lipoprotein cholesterol level \<40 mg/dL for men and \<50 mg/dL for women or the use of cholesterol-lowering medication; or (5) systolic blood pressure \>130 mm Hg or diastolic blood pressure \>85 mm Hg or the use of antihypertensive drugs for patients with a history of hypertension.[@B13]

Dietary supplement usage was assessed using the nutrition survey conducted by a team of nutritionists.[@B11] Frequent dietary supplement users were defined as those who had taken vitamins, minerals, or health functional foods for more than 2 weeks in the past year or more than once in the past month. Participants who had never taken supplements were identified as nonusers. Questions regarding healthy habits were assessed via the health survey through interviews conducted by the researchers. The questions included on the National Health and Nutrition Examination Survey were created in accordance with the Alameda study\'s seven healthy habits. Participants who engaged in the seven healthy habits were categorized as healthy habit practitioners, and those who did not were categorized as nonpractitioners. Nonpractitioners made up the control group for this study.

Adequate sleep was defined as obtaining 7 to 8 hours of sleep. Eating breakfast regularly was defined as having eaten breakfast on both of the previous 2 days. Although habitual snacking was assessed in the fourth survey,[@B14] it was deleted from the fifth survey. Therefore, a question regarding voluntary weight control, indicated by a commitment to try to maintain or reduce weight by adjusting diet instead of skipping meals in the past year, was included to compensate. A normal BMI was defined as between 18 kg/m^2^ and 23 kg/m^2^. High-intensity physical activity was defined as participation in running, climbing, high-speed cycling, fast swimming, soccer, basketball, jump rope, squash, tennis, or professional and athletic activities (such as moving heavy items around) for more than 10 minutes a day, more than 3 times a week. High-risk drinking was defined as drinking more than the average consumption per session (as defined by the World Health Organization), and smoking was categorized as no smoking, past smoking, or current smoking. Participants who engaged in these healthy habits were considered healthy habit practitioners.

3. Statistical Analysis
-----------------------

The National Health and Nutrition Examination Survey is a sample survey that uses a complex sample design to estimate the rate of behaviors of the target South Korean adult population. All analyses were performed using sample weights in SAS Survey Procedure ver. 9.3 (SAS Institute Inc., Chicago, IL, USA).[@B15] All data were classified by sex, and chi-square tests were performed based on sociodemographic characteristics of the dietary supplement users. Using a logistic regression analysis, unadjusted odds ratios (ORs) for the seven healthy habits of dietary supplement users and nonusers were calculated. Adjusted ORs controlling for social and economic factors including age, marital status, income level, level of education, area of residence, subjective health status, chronic diseases, and disease history were also calculated. Additionally, a health index score was calculated by giving one point for each healthy habit practiced. The score ranged from zero to seven, and the trend for dietary supplements use was described as \'P for trend.\'

RESULTS
=======

The fifth National Health and Nutrition Examination Survey found that 45.96% of South Korean adults 19 years and older were taking dietary supplements. Women had higher usage than men, and both men and women had higher usage during middle age. Dietary supplement usage was significantly higher amongst those who lived in an urban region, those with a higher level of education, and those with a higher monthly household income. Both men and women who considered their health status to be normal showed a usage rate of approximately 50%, but this was statistically significant among women only. Both men and women nonsmokers exhibited high dietary supplement usage rates; however, among men, current smokers had a higher rate of dietary supplement use (49.2%) than both nonsmokers (31.9%) and past smokers (18.9%). Both male and female high-risk drinkers had low dietary supplement usage rates, but this was statistically significant among women only. Dietary supplement usage was lower in patients with a chronic disease when compared to those without a history of disease, but the difference was only significant in women with diabetes. However, women with dyslipidemia showed a high usage rate ([Table 1](#T1){ref-type="table"}).

When the relationship between dietary supplement usage and healthy habits was adjusted for age, socioeconomic factors, history of osteoarthritis, and history of metabolic syndrome, the rate of eating breakfast regularly was 19% higher in men (OR, 1.19; 95% confidence interval \[CI\], 1.01 to 1.4) and 43% higher in women (OR, 1.43; 95% CI, 1.25 to 1.64) in the dietary supplement user group compared to the nonuser group. Similarly, the rate of weight control through snack restriction was 18% higher in men (OR, 1.18; 95% CI, 1.01 to 1.39) and 16% higher in women (OR, 1.16; 95% CI, 1.03 to 1.3) in the dietary supplement user group compared to the nonuser group. In addition, women in the dietary supplement user group were more likely to limit alcohol consumption ([Table 2](#T2){ref-type="table"}).

Furthermore, the health index score indicated that there was a significant positive correlation (P for trend \<0.001) between dietary supplement usage and the health index score among women. In men, supplement usage was higher in those who practiced at least one healthy habit than in those who did not practice any, but this was not statistically significant (P for trend=0.19) ([Figure 1](#F1){ref-type="fig"}).

DISCUSSION
==========

Dietary supplement usage was higher in women, middle-aged participants, urban residents, and nonsmokers as well as those with a higher level of education and those with a high income. The rate of dietary supplement usage was significantly higher in women who did not engage in high-risk drinking, women who subjectively considered their health to be normal, and women with dyslipidemia. In addition, there was a significant positive correlation between the number of practiced healthy habits and the rate of dietary supplement use in women. This study also found that both male and female participants who defined their subjective health status as normal also had high dietary supplement usage, a finding that has not been observed in previous studies. However, trends for dietary supplement use and area of residence, level of education, and household income were consistent with the results seen in other studies.[@B6][@B13] The results also coincided with studies conducted in America and Japan that showed higher dietary supplement usage in households with a stable socioeconomic status.[@B16][@B17][@B18] Because these factors impact the rate of dietary supplement usage, they were included in the adjusted analysis regarding the association between dietary supplement usage and healthy habits.

After adjustment, it was found that both male and female dietary supplement users were more likely to practice regular breakfast eating habits and had higher rates of maintaining and regulating their weight through proper diet and snack restriction than did nonusers. However, only women in the dietary supplement user group were more likely to limit their alcohol consumption. These healthy habits that taking regular breakfast, proper diet with snack restriction, and alcohol consumption limitation are related to dietary habits. People who use dietary supplements may be more likely to practice healthy habits because they consider dietary supplements to be a part of a diet that promotes health. Similar results were seen by Belloc and Breslow[@B2] and Belloc[@B3] who showed that snack restriction resulted in slightly, but significantly, better physical health. However, with regard to sleeping, exercising, and smoking, the results showed that people who used dietary supplements actually had about the same or an even lower possibility of practicing healthy habits. This contradicts the hypothesis that people who use dietary supplements practice more healthy habits because they are more interested in promoting overall health. Chiou et al.[@B19] found a similar paradoxical effect in a cohort study comparing vitamin and placebo groups. The authors showed that participants who believed that they were taking vitamins were actually neglecting to maintain their health, and there was no association between dietary supplement intake and improvement in health. Chiou et al.[@B19] argued that the vitamin group believed that taking a dietary supplement would be enough in itself to promote their health, and thus actually made fewer efforts to change their behavior.[@B20] According to the South Korean National Statistical Office, dietary supplement use is steadily increasing in South Korea (as in the United States and Taiwan)[@B8] but the results of the current study indicate that this may not necessarily be related to individual health promotion. Furthermore, domestic research, as well as research conducted in the United States and Japan, has shown no significant relationship between dietary supplement usage and sleep habits, results that are supported by this study. However, this study found that the proportion of smokers who used dietary supplements was higher than that of smokers who did not use dietary supplements, results that contradict previously conducted domestic research.

This study has several limitations. First, this study did not take into account differences regarding the amount or method of exercise. Since the Alameda study was conducted with a population of runners, the sample for this study was also selected from participants who participated in high-intensity physical exercise (e.g., running not walking or jogging). However, it can be difficult for older adults to participate in high-intensity exercises due to diseases such as arthritis. Nonetheless, we did not adjusted for differences in exercise intensity in the present study. Second, the definition of smoking and high-risk drinking differed slightly between this study, the Alameda study, and other studies. Even though this study and the Alameda study both defined participants with no smoking experience as healthy habit practitioners, past smokers who have not smoked for a long period or current smokers who have an interest in quitting may also have an interest in their health, which may affect their dietary supplement use. In the Alameda study, alcohol intake was measured using the past 2 weeks; however, this study did not measure average alcohol intake, so high-risk drinking was defined as drinking more than the average recommended amount per session (as outlined by the World Health Organization). Finally, the questionnaire for this study did not examine the types of supplements nor the number of supplements taken per day. In the fourth survey, supplements were categorized as vitamins or minerals, multivitamins, and health functional foods.[@B7] The fourth survey also covered the length of the period in which the supplements were taken, the number used daily, and the dosage per each use.[@B7] However, in the fifth survey, categorization was difficult because the questions were open-ended (i.e., participants wrote answers instead of making selections). Therefore, associations between diseases and the kinds of dietary supplements, the number consumed, and classification of health lifestyle are limited. Since measurement regarding dietary supplement intake is broad, more defined measures and categorization would allow for more clear analyses regarding associations with health behaviors and, thus, more relevant implications.

Nevertheless, this was a large-scale study regarding the association between dietary supplement use, healthy habits, the risk of chronic diseases, and health promotion linked with age, socioeconomic factors, and healthy habits in the South Korean adult population. In addition, this study identified important associations regarding subjective health status and adequate sleep related to dietary supplements that had not been identified in previous studies. Future studies should include any missing variables and elaborate on the results of the present study. Future studies should also aim for institutionalized categorization and quality management. Furthermore, the misconception that one can ensure one\'s health simply by using dietary supplements should be corrected during health screening counseling and outpatient care, and dietary supplement users should be aided in complementing their dietary supplement intake by adopting healthy habits.
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![The distribution of dietary supplement intake by the health index score^\*^ in Korean Adults. ^\*^The health index score was calculated based on the presence of the seven healthy habits. One point was given for each of the seven healthy habits resulting in a score from zero to seven. The seven healthy habits are adequate sleep, eating breakfast regularly, weight control through snack restriction, a body mass index between 18 kg/m^2^ and 23 kg/m^2^, regular exercise, non-high-risk alcohol use, and being a nonsmoker. The P for trend was calculated (male P for trend=0.19, female P for trend \<0.001).](kjfm-37-182-g001){#F1}

###### Characteristics of Korean adults taking dietary supplements
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Values are presented as weighted mean (±standard error) for continuous variables and unweighted percentages for categorical variables. All variables were categorized based on sex.

^\*^Number of participants who responded to questions regarding taking dietary supplements on the fifth Korea National Health and Nutrition Examination Survey (2010--2012).

###### ORs and 95% CIs for the relationship between taking dietary supplements and seven healthy habits in Korean adults
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The seven healthy habits were based on those included in the Alameda study. Adequate sleep was defined as 7--8 hours per day. Regular breakfast was defined as eating breakfast on 2 sequential days. Weight control was defined as the control of weight by restricting snacks. Normal BMI was defined as \>18 kg/m^2^ and \<23 kg/m^2^. Regular exercise was defined as high intensity physical activity such as running, mountain climbing, tennis, soccer, or baseball for more than 10 minutes a day at least 3 times per week. Non-high-risk alcohol use was defined as alcohol consumption less than 61 g in men and 41 g in women in accordance with World Health Organization recommendations. A nonsmoker was defined as a person who did not smoke at all.

OR, odds ratio; CI, confidence interval; BMI, body mass index.

^\*^Crude ORs were based on logistic regression analysis.
